The isovector bottomoniumlike exotic resonances Z b (10610) and Z b (10650) are very close to the thresholds of heavy meson pairs BB * (BB * ) and B * B * , and are naturally understood as 'molecular' states made of the corresponding meson-antimeson pairs.
The twin bottomoniumlike resonances Z b (10610) and Z b (10650) found [1] by the Belle experiment in the decays Υ(5S) → Z b π necessarily contain a light quark-antiquark pair in addition to the heavy bb pair since they come in full isotopic triplets with electrically charged, Z ± b and neutral [2] , Z 0 b , states. Furthermore, their masses coincide within few MeV with the corresponding thresholds for pairs of heavy mesons, BB * and B * B * , and are thus interpreted [3] as 'molecular' [4] S wave threshold states in the respective meson-antimeson channels with the quantum numbers I G (J P ) = 1 + (1 + ), which quantum numbers are also established by the experiment [5, 6] . The molecular picture is strongly favored by the data 1 .
In particular, it explains the apparent breaking of the heavy quark spin symmetry (HQSS) in the processes with the Z b resonances. Namely, these resonances decay to the states of bottomonium plus pion, with a comparable rate for the bottomonium bb pair being in the ortho-spin state (S bb = 1), Z b → Υ(nS) π, n = 1, 2, 3, and in the para-spin state (S bb = 0), Z b → h b (kP ) π, k = 1, 2. In the BB * (BB * ) and B * B * pairs the spin of the b quark is correlated with that of the light antiquarkq in the meson, while the spin ofb is correlated with that of q. As a result the spin state of the bb pair in a molecular state is generally mixed.
In particular, for the spin structure of the relevant S wave states of the meson-antimeson pairs one finds [3] in terms of the total spin of the bb andpairs
which explains the presence of bb states with both possible values of the total spin in the decay products of the resonances, if the states Z b and Z ′ b are identified as the observed peaks Z b (10610) and Z b (10650). The purpose of the present paper is to consider a deviation from the ideal mixing structure described by these relations and to discuss a model where all such deviation is parametrized in terms of one mixing angle θ:
Such simplified approach is well known to be helpful in discussion of e.g. the isospin violation in terms of ρ − ω mixing, or of the flavor SU(3) violation, η − η ′ and ω − φ mixing. This simple mixing description is certainly an approximation, since the amount of mixing between 1 It should be mentioned that alternative descriptions of the Z b resonances are discussed in the literature, in particular based on a diquark-antidiquark model [7, 8, 9] . A discussion can be found in the review [10] .
the spin states is likely to be a function of other variables in the wave functions of the states, e.g. of the distance. In other terms, there may be many more states involved in the mixing, such as e.g. the continuum of the heavy meson pairs, BB * (BB * ) and B * B * , with the amount of the mixing depending on the excitation energy. Generally, the scattering dynamics in coupled channels is determined by interaction between mesons and involves more parameters (a somewhat general discussion can be found in e.g. Refs. [11, 12] and the recent review [10] ). The discussed approximation in terms of one overall mixing angle is applicable if the near-threshold dynamics in the It should be mentioned that a similar model based on mixing of just two states might be applicable to the charmoniumlike Z c (3900) and Z c (4020) resonances at the respective DD * and D * D * thresholds. However, the data on the properties of these states to charmonium plus pion and also on the behavior in the DD * (DD * ) channel near the Z c (4020) peak are currently insufficient to draw a conclusion on the relevance of the discussed model in the charmonium sector. The spin structure in Eq. (1) is that of free non-interacting meson pairs and it would be preserved if the interaction between the mesons did not depend on the spin of either heavy or light quark-antiquark pair [14] . The suppression of the dependence on the spin of the heavy quarks is equivalent to HQSS. On the other hand generally there is no light quark spin symmetry (LQSS), and one would expect deviations from the 'ideal' spin structure given by 
and that the partial decay rates as well as the total widths of the two resonances should be the same, modulo a difference in the phase space caused by the mass difference. Some of these predictions are close to the experimentally observed properties and some are less so, or unknown. In particular, an analysis [13] of the spectra of the B * B (BB * ) and B * B * pairs in the decays Υ(5S) → B have common decay channels, and can thus mix with each other, and the absorptive part of the mixing through a given (on-shell) channel X can be estimated as
Using the data [13, 6] will be argued that the current data suggest that the mixing angle is significantly larger (although can still be considered as small), θ ≈ 0.2, so that the mixing arises dominantly from off-shell intermediate states and its absorptive part can be neglected. Clearly, a mixing described by Eq.(2) tilts the bb spin structure in the resonances, so that at a small positive θ the resonance Z b (10610) gets a larger 1 − bb spin component, while the 0 − bb para-component is enhanced in the Z b (10650) resonance, which qualitatively agrees with the data on the relative rates of decays to Υ(nS) π and h b (kP ) π. In order to take into account the kinematical differences between the decays from the two resonances one can write the decay amplitudes according to the parity and the current algebra requirements [3] : 
for each n, and
for each k.
The data [13, 6] correspond to the values of the ratios in Eq. (5) Within the discussed approach, and in the first order in the mixing, the total decay rates of the physical resonances are expected to be the same, which agrees with the data only if the experimental errors are taken into account. One can attempt to allow for a different overall decay rate between the resonances by assuming that the rates of all the decays of the lower resonance Z b (10610) are enhanced by a common factor F . [In other words, the r.h.s. in Eq. (5) is multiplied by F , while that in Eq.(6) receives the factor 1/F .] Then a fit to the data with two parameters F and θ produces the central value F = 1.17 and an essentially the same central value for the mixing angle θ. A one-sigma contour for the two parameter fit is shown in Fig. 1 .
The fitted value of the mixing angle provides an estimate for the scale of the (yet to
04. This result however requires further specification, given the kinematical differences in the compared decay channels in a specific experimental setting. Namely the yield of the heavy meson pairs at the Z b resonances is observed [13] by studying the final states BB * π (BB * π) and B * B * π at the energy of the Υ(5S) resonance in e + e − annihilation.
There however may potentially be a tension between the discussed picture of the mixing given as dσ dW
where M The discussed two-state mixing scheme is well known to produce a definite mass shift of the eigenstates: the splitting ∆ is increased by 2θ 2 ∆, so that one can expect the mass difference between the Z b (10650) and Z b (10610) to be
At θ ≈ 0.2 this yields approximately 48.8 MeV. Given the uncertainty in θ this specific number may change. However the mass difference should be necessarily larger than ∆ if the simple mixing model is of any relevance to the discussed resonances. In a general potential model with a mixing potential between the BB * and B * B * channels the sign of the shift of the mass splitting from ∆ is not fixed and depends on the details of the potential. However, as previously mentioned, the current experimental errors in the masses are yet too large for testing predictions of models.
In summary. The current status of deviation from the ideal spin structure in Eq. (1) is not clear due to large experimental uncertainties. Some data, in particular on the relative strength of pion transitions from the Z b (10610) and Z b (10650) resonances, suggest effects of such deviation, while the apparent suppression of the coupling of the heavier state Z b (10650) to the lighter meson channel BB * (BB * ) indicates that the deviation is rather small. The separation of the states in Eq. (1) can not be exact, e.g. due to existence of common decay channels (with no apparent cancellation between them). It is discussed here that the current data can be reconciled within a simple model of mixing of two states described by one angle as given by Eq. (2), with the value of the angle θ ≈ 0.2. This model then predicts a definite interference pattern in the process Υ(5S) → BB * (BB * ) π and the mass splitting between
the Z b resonances that should be larger than the difference between the masses of B * and B
mesons.
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